Purpose: Measurement and monitoring of the quality of care using a core set of quality measures are increasing in health service research. Although administrative databases include limited clinical data, they offer an attractive source for quality measurement. The purpose of this study, therefore, was to evaluate the completeness of different administrative data sources compared to a clinical survey in evaluating rectal cancer cases. Methods: Between May 2012 and November 2014, a clinical survey was done on 498 Lombardy patients who had rectal cancer and underwent surgical resection. These collected data were compared with the information extracted from administrative sources including Hospital Discharge Dataset, drug database, daycare activity data, fee-exemption database, and regional screening program database. The agreement evaluation was performed using a set of 12 quality indicators. Results: Patient complexity was a difficult indicator to measure for lack of clinical data. Preoperative staging was another suboptimal indicator due to the frequent missing administrative registration of tests performed. The agreement between the 2 data sources regarding chemoradiotherapy treatments was high. Screening detection, minimally invasive techniques, length of stay, and unpreventable readmissions were detected as reliable quality indicators. Postoperative morbidity could be a useful indicator but its agreement was lower, as expected. Conclusions: Healthcare administrative databases are large and real-time collected repositories of data useful in measuring quality in a healthcare system. Our investigation reveals that the reliability of indicators varies between them. Ideally, a combination of data from both sources could be used in order to improve usefulness of less reliable indicators.
Introduction
Quality of healthcare is a priority for health services and it is defined as "the degree to which health services for individuals and populations increase the likelihood of desired health outcomes" (1) . Several epidemiologic studies pointed out that many patients do not receive guideline-adherent care, which results in poorer prognosis (2, 3) .
The last several decades have seen considerable effort directed towards developing and applying quality indicators (4).
Currently, this method plays a key role in monitoring quality of care among colorectal cancer (CRC) patients and it is used in the United States (5), Canada (6) , and Northern Europe (7) .
Since the late 1990s, the Lombardy Regional Government has launched several programs to support and encourage quality standards improvement. To this end, health studies based on administrative data have been increasing in recent years, owing to the availability of regional administrative databases (8) . However, these data have some limitations, including the lack of specific information of interest for clinical research and the variable quality of collected data that can introduce biases (9, 10) .
The main purpose of this study was to explore the validity of data originating from administrative databases compared to data extracted directly from medical records in measuring some selected significant indicators.
Methods

Setting
Lombardy is a North-West Italian region with about 10 million inhabitants. The Lombardy Health Service (LHS) provides healthcare services in over 200 public and private accredited hospitals and 18 research hospitals. The LHS is an accredited system and the regional government is responsible for managing the regional accreditation process and for granting authorization to deliver healthcare services. A total of 206 surgical units are accredited by the LHS. Hospital volume is commonly classified into 3 classes according to annual caseload of rectal surgical resection procedures: >25, 11-25, ≤10 rectal cases, respectively, in high-, medium-, and lowvolume hospitals.
Subject selection and data sources
All residents in Lombardy presenting with a new diagnosis of invasive epithelial rectal or rectosigmoid junction cancer, located within 15 cm from the anal verge, who underwent curative surgical treatment between May 2012 and November 2014 were eligible for the study. Written consent was obtained from each patient. Ethics approval for the study was obtained before from the Lombardy Oncologic Research Ethics Board and after from the institutional ethics committees of each participating hospital.
For all patients meeting inclusion criteria, data were collected locally by participating surgeons from 25 hospitals using a standardized open-source electronic dataset (HeavyBase).
Treatment procedures included abdominoperineal resection, rectal anterior resection, Hartmann procedure, and rectal anterior resection with coloanal anastomosis. Clinical data regarding preoperative diagnostic assessment, adjuvant or neoadjuvant treatments, pathologic results, surgical outcome, and readmission rate were also recorded.
Health providers need to deliver a Hospital Discharge Dataset (HDD) to be reimbursed by the National Health Service. The HDD is the primary information source. A HDD reports the patient's demographics, the admission referral source, the date of admission and discharge, the discharge status, the codes of diagnoses, and the dates and codes of procedures coded according to the 9 th Revision of the International Classification of Diseases (ICD-9-CM). Furthermore, the LHS routinely collects both inpatient and day care activity delivered by regional hospitals. Data for these enrolled patients were collected in previously selected administrative sources by the use of an individual code uniquely provided for all citizens to identify them within the LHS. These administrative data are housed in disparate datasets that were conveniently combined using algorithms in order to provide an efficient method for gathering data on individual patterns of care. Relevant rectal cancer-related ICD-9-CM codes were identified for each data source with input from physicians and literature search to ensure all appropriate codes were included. All administrative data were made available for this study upon behalf of the regional committee.
Quality indicators
Quality indicators are defined as measurable elements of practice performance for which there is evidence or consensus that they can be used to assess quality (5) . Based on the Donabedian paradigm, quality indicators are often characterized as structure, process, or outcome indicators (11) . However, most quality indicators are process indicators because they give a fair reflection of what is done for a patient (12) . Outcome of care is often measured by short-term outcome measures such as postoperative mortality or major morbidity.
A set of 12 quality indicators was developed involving a multidisciplinary panel of surgeons and administrative experts to reflect the entire pathway of rectal cancer care, according to the guidelines of the Lombardy Oncologic Network (13) .
For each chosen indicator, their descriptions and data sources with the identified algorithms to group medical claims and administrative data are described in Tables I and II .
Statistical methods
Agreement between the 2 sources of data was estimated by the kappa coefficient. Given the unbalanced distribution of many of the indicators (e.g., 10% of the patients participated in a screening program, while 90% did not), we used the prevalence-adjusted, bias-adjusted kappa (14) . The interpretation of the kappa values followed the Landis and Koch criteria (15): <0 no agreement, 0-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, and 0.81-1 very good agreement. In order to determine whether the row and column marginal frequencies were equal (that is, whether there was marginal homogeneity), we used the McNemar test.
In addition, the following validity measures were determined by comparing health administrative data to the clinical data (gold standard): sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), with corresponding 95% confidence interval (CI) (16) .
In order to test the association between categorical variables, we used the chi-square test, the chi-square test for trend, or the Fisher exact test, as appropriate. To test the difference in length of hospital stay (LOS) between 2 groups, we used the t test. We used a linear regression model to test the linear trend of LOS according to the volume of the centers. All Postoperative morbidity Surgical complications and overall morbidity complications occurred during hospitalization; complications related to surgical procedure were scored using the Clavien-Dindo classification
Unpreventable surgical readmission
The first unplanned readmission relating to surgical complications occurring within 30 days after index discharge
Adjuvant radiotherapy
Patients treated with adjuvant radiotherapy in the 3 months after index surgical procedure
Adjuvant chemotherapy
Patients treated with adjuvant chemotherapy in the 3 months after index surgical procedure analyses were carried out with SAS software (SAS Institute).
Results associated with p values <0.05 were considered statistically significant. All reported p values were 2-sided.
Results
Between May 2012 and November 2014, we assembled a prospective cohort of 498 patients with first diagnosis of rectal cancer who underwent surgical resection for rectal cancer. The agreement results between clinical and administrative database are reported in Table III .
Screening detection
The agreement was very good (κ = 0.84; p<0.01): sensitivity 0.37; specificity 0.98; PPV 0.73; NPV 0.93 (95% CI). More than 50% of screen-detected tumors are significantly associated with early cancer stages (stages I-II). The presence of symptoms at diagnosis (e.g., rectal bleeding, abdominal pain) was more common.
Patient complexity
The agreement was fair (κ = 0.31; p<0.01): sensitivity 0.21; specificity 0.93; PPV 0.66; NPV 0.65 (95% CI). A higher rate of complex patients was detected in the clinical database (CD) (38.5%) rather than in the administrative one (12.4%). The CD reveals that 92% of patients underwent elective surgical procedures. The indicator of patient complexity was significantly associated with LOS (p<0.01) in both data sources. Mean LOS in complex patients was 19 and 21 days in the clinical and the administrative database, respectively. Comorbidity-adjusted LOS was detected to be statistically associated with center volume in the CD (p = 0.04).
This evidence was not confirmed using administrative data although the results seem to show the same information (p = 0.82 in complex patients; p = 0.21 in noncomplex patients). In patients without comorbidity, mean LOS was 11, 14, and 12 days in low-, medium-, and high-volume centers, respectively.
Preoperative local staging
The agreement between the 2 data sources was slight (κ = 0.17; p<0.01): sensitivity 0.26; specificity 0.91; PPV 0.74; NPV 0.55 (95% CI). A low rate of preoperative workup assessment correctly performed was detected in both the clinical (49.8%) and the administrative (17.7%) databases.
Preoperative distant staging
The agreement between the 2 data sources was slight (κ = 0.18; p<0.01): sensitivity 0.54; specificity 0.87; PPV 0.96; NPV 0.25 (95% CI). Preoperative diagnostic assessment for metastasis detection was correctly performed in 88.8% and 47.6%, respectively, in clinical and administrative database.
Neoadjuvant treatments
The agreement regarding chemotherapy (sensitivity 0.88; specificity 0.99; PPV 0.98; NPV 0.96; 95% CI) and radiation (sensitivity 0.50; specificity 1.00; PPV 0.99; NPV 0.84; 95% CI) treatment between the 2 sources of data was good (κ = 0.92; p<0.01 and κ = 0.72; p<0.01, respectively). The CD revealed that neoadjuvant chemotherapy was performed in 29.2% of the patients treated in an elective setting, 29% of patients received only neoadjuvant radiotherapy, and 27.2% of patients received combined chemotherapy and radiotherapy. 
Minimally invasive techniques
The agreement was good (κ = 0.65; p<0.01): sensitivity 0.78; specificity 0.95; PPV 0.98; NPV 0.60 (95% CI). Minimally invasive procedures required shorter LOS than open surgery (p<0.01).
Postoperative morbidity
The agreement was moderate (κ = 0.55; p = 0.05): sensitivity 0.58; specificity 0.83; PPV 0.48; NPV 0.88 (95% CI). The CD revealed that surgical complications (according to Clavien-Dindo classification) rated score I in 42.7%, score II in 25.8%, score IIIa in 4.5%, score IIIb in 25.8%, score IVa in 0.6%, and score V in 0.6% of cases. No statistically significant difference was shown among low-, medium-, and high-volume centers (p = 0.07 using clinical data and p = 0.32 using administrative data).
Unpreventable surgical readmission
The agreement was very good (κ = 0.91; p = 0.83): sensitivity 0.35; specificity 0.97; PPV 0.33; NPV 0.98 (95% CI). The average 30-day readmission rate in this population was 3.4% and 3.6% in the surgical and in the administrative database, respectively.
Adjuvant treatments
The agreement regarding chemotherapy (sensitivity 0.71; specificity 0.94; PPV 0.93; NPV 0.75; 95% CI) and radiation (sensitivity 0.08; specificity 0.99; PPV 0.55; NPV 0.86; 95% CI) treatment between the 2 data sources was good (κ = 0.58; p<0.01 and κ = 0.65; p<0.01, respectively). The CD revealed that postoperative chemotherapy was administered in 29% of the cases not receiving neoadjuvant chemotherapy and treated in an elective setting and in 20.2% of the cases receiving neoadjuvant chemotherapy.
Discussion
Colorectal cancer is one of the most common cancers and the fourth leading cause of cancer-associated deaths worldwide (17). The outcomes of CRC vary widely, depending on both patient and tumor characteristics, as well as on the quality of treatments administered (18) . However, several studies reveal that fewer patients than expected receive eligible guideline-based care (19) . In view of this evidence, there is a growing interest to assess the quality of CRC care (20) . Identifying and developing ad hoc indicators make it possible to measure the quality and efficiency of CRC care (21) .
Various data sources were identified: cancer registries, patient surveys, medical records, and administrative inpatient and outpatient data (22) . The primary role of a cancer registry is to monitor cancer incidence and death for surveillance purposes. It could provide the primary source for cancer patient data, but treatment information is usually not routinely collected (23) . Surgical audits were introduced to obtain detailed data related to a specific topic. In the Netherlands, the Dutch Surgical Colorectal Audit has revealed several interesting findings with respect to postoperative complications and short-term outcome (24) . In France, a special survey on the management of CRC is carried out within the network of the French cancer registry and it is certified every 4 years by an audit of the National Committee on Population-Based Registries (25) .
Several international experiences regarding the use of administrative data in the assessment of quality of care among CRC patients were published (7) . In Italy, electronic medical records are already collected in several regions and represent a comprehensive set of information on patient health status, disease progression, treatment effectiveness, and continuity of care (26). The main advantages of this data source include its accessibility, its national coverage, and real-time availability (27) . However, a retrospective review of administrative databases has some limitations, including lack of clinical and demographic data, as well as a potential inaccuracy of data reporting (28, 29) . Furthermore, these administrative data are housed in disparate, nonintegrated administrative datasets. Linking different administrative sources provides an efficient method for gathering data on individual patterns of care (30) .
Comparison of administrative and clinical data sources in the United States revealed variable concordance, with differences attributed to variations in definitions, collection, and management of data (31) . The validity of using administrative data is dependent on the accuracy of the coding and recording of data (32) . Systematic reviews on administrative databased survey found an 83% discharged coding overall accuracy, with procedure accuracy (84.2%) found to be higher than primary diagnosis coding (80.3%) (33, 34) .
Validation is a process aimed at evaluating the completeness of administrative data sources in measuring the quality of care provided. Furthermore, a set of evidence-based indicators should be specifically assessed. The development of quality indicators for CRC care has been reported in many countries (35, 36) . We assessed 12 indicators: 3 outcome and 9 process indicators.
We found 3 indicators relating to the preoperative step: screening detection, patient complexity, and preoperative staging. Fecal occult blood test screen detection of CRC before the onset of signs and symptoms is associated with early-stage diagnosis and therefore improved cancer-related outcomes (37) . Our study confirms this finding. This indicator was easily measurable owing to its simplicity and to the efficacy of the available administrative databases.
On the contrary, the complexity indicator was difficult to measure. However, measuring patient complexity is very important because it is well-known that the presence of comorbidities affects treatment decisions and outcome of cancer patients (38, 39) . For this reason, an analysis of surgical outcomes needs to include an adjustment for comorbidities. Several comorbidity scores using administrative data have been developed, such as the Elixhauser index (40) and the Charlson comorbidity index (41) . However, a systematic review of comorbidity indices for administrative data reveals that most of the indices are better able to predict long-term mortality than short-term mortality. Several authors have suggested that all comorbidity information on a patient's history occurred within 12 months before the index surgical admission had to be collected in order to improve mortality prediction (42) . Agreement results were higher but still suboptimal.
Even indicators related to local and distant preoperative staging were difficult to measure. Existing guidelines clearly define which tests are necessary for correct preoperative staging (43) . To create these indicators, we chose to draw algorithms that included all diagnostic tests useful for correct staging. One of the causes of the low agreement registered is the complexity of the algorithms used. A second cause is the missing registration of some procedure codes related to staging examinations in the HDD.
According to international guidelines, neoadjuvant radiochemotherapy treatment is recommended for patients with locally advanced rectal cancer (44) . The indicators related to the performance of neoadjuvant treatments yielded good agreement results. The agreement for indicators related to adjuvant treatments was also good, even if slightly lower. Considering that algorithms for adjuvant and neoadjuvant treatments are similar, the differing results must be due to a lower quality of data reported in the CD.
The main indicator for the surgical step is the technique chosen. Patients in the minimally invasive arm had significantly shorter LOS, as already reported in the literature (45) . In our study, there is a high rate of minimally invasive resections performed (73.7% in the clinical survey and 58.8% in the administrative survey). Patient complexity did not seem to affect the use of minimally invasive techniques (p<0.01).
The surgical outcome in colorectal surgery can be assessed using various measures (46) . The most common are 30-day mortality, LOS, and readmission rate (47) . Contrary to the LOS indicator, where a very good agreement was detected, the agreement for the postoperative morbidity indicator was moderate. Although a careful selection of specific diagnosis and treatment codes related to index surgical complications was done, this result was expected because of the complexity of the adopted algorithm.
Readmission clinically related to the index admission is widely used as quality metrics to assess hospital performance and surgical outcome (48) . Although readmission rates can be calculated by different methods and this may produce varying results, a recent study shows similar conclusions of hospital performance with respect to surgical readmissions (49) . Although the agreement between the 2 data sources was not statistically significant, it reached a high score.
Possible explanations of differences between the databases include data quality and biased reporting. Although the ICD-9 codes used are standard, the differences in coding practices and accuracy used across different hospitals would result in the variability of these algorithms. Many authors have suggested that to improve data accuracy, clinicians should be involved in assigning procedure and disease codes (49) .
Taking risk adjustment for comorbidity into account is argued to avoid bias in quality measures. However, for this purpose, it is not possible to use only administrative data due to the lack of clinical information in administrative databases. Ideally, the combination of data from clinical and administrative datasets would be an interesting solution. Introducing in the HDD some clinical information such as American Society of Anesthesiologists Score and pathologic staging should help to overcome this limit.
To our knowledge, there are no published Italian studies on the validation of algorithms using administrative databases to monitor rectal cancer care. Furthermore, this study has the advantage of including a representative sample of rectal cancer cases recorded in Lombardy.
In conclusion, although clinical audit remains the standard criterion, an administrative database could offer a valid mechanism to monitor and report health performance, with the ability to measure real-time changes in outcomes. This study demonstrates the feasibility of measuring and monitoring the quality of care using a core set of quality indicators based on administrative coding systems.
